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ABSTRACT 

We show that the LEP lower bound on the chargino mass, in conjunction with the weU 
motivated theoretical requirement of radiative electroweak symmetry breaking, imply an 
upper bound on the lightest Higgs boson mass {nih ^ 62 GeV) in a supersymmetry breaking 
scenario where the gluino mass is a few GeV. Moreover, Higgs searches at LEP in the 
context of this model require mh ^ 61 GeV. The remaining experimentally allowed region 
in the five-dimensional parameter space of this light gluino model is severely fine-tuned 
(with tan/3 = 1.88 — 1.89 and rrit = 114.0 — 114.3 GeV) and cosmologically troublesome 
(with a neutralino relic abundance over five-hundred times larger than allowed). Modest 
improvements in sensitivity in LEP Higgs searches and Tevatron top-quark searches should 
soon exclude this theoretically disfavored model completely. 
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There has been recent renewed interest on the viabihty of a narrow range of presum- 
ably as yet experimentaUy unexplored light gluino masses {rrig ~ 3 — 5 GeV) . 
This possibility is motivated by the observation that such light colored particle affects 
the running of the strong coupling and may make experimental determinations of as at 
various low- and high-energy scales to be in better or worse agreement with each other 
Ij^,^,^. Recently, a thorough re-examination of the compatibility of this scenario with 
perturbative QCD data has yielded proposed experimental searches at LEP and HERA 
which could let this matter to rest. In this paper we show that well motivated theoretical 
assumptions in the context of unified supersymmetric models, combined with current LEP 
data on chargino and Higgs searches, strongly disfavor the light gluino scenario. In fact, 
the actual five-dimensional window of parameter space in this class of light gluino models is 
almost completely closed, except for some highly fine-tuned values of the parameters which 
are unlikely to survive mild improvements in sensitivity in Higgs and top-quark searches. 
Moreover, such values of the parameters imply a neutralino cosmological relic density over 
five-hundred times larger than ohservationally allowed. 

We work in the context of unified supersymmetric models, where consistency requires 
the introduction of supergravity to induce the low-energy splittings between particle and 
sparticle masses . This procedure takes the form of universal soft-supersymmetry break- 
ing at the unification scale {Mjj = (9(10^^ GeV)) and subsequent renormalization group 
scaling of scalar and gaugino masses down to low energies. We also demand radiative elec- 
troweak breaking of the electroweak symmetry P], which relates the soft-supersymmetry 
breaking parameters to the Higgs mixing parameter /x. This class of unified supersymmet- 
ric models has been studied for over a decade (for a recent reappraisal see e.g., Ref. p). 
In this context all gaugino mases, rrig (5't/(3)c), M2 {SU{2)l), and Mi (C/(l)y), are equal 
to mi/2 at Mu and then scale at low energies as 

rrig = mi/20is{Mz)/as{Mu) ^ 2.9mi/2, (1) 

for as{Mz) = 0.120, and 

5 

Ml = - tan^ 9wM2, M2 ^ 0.8mi/2 ^ O.Sm^. (2) 
3 

Thus, mg ~ 3 - 5 GeV implies mi/2 ~ 1 - 1.7 GeV and 2Mi ^ M2 ~ 0.8 - 1.4 GeV. These 
mass relations imply that the lightest eigenstate of the 4x4 neutralino mass matrix is very 
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nearly a pure photino with mass ni^o ^ ^sin^ 9wM2 ~ Furthermore, the hghtest 

chargino mass is given by 



m^± = M^, + 1^2 _ 1 + 4M^^2 + ^os^ 2/3, (3) 

where M2/MV1/ <^ 1 has been used. It is not hard to see that the LEP lower bound 
m ± > hMz implies an absolute upper bound on tan/3, 

I cos 2/3| < I cos 2p\^ax = 1 - J — = 0-674 tan/3 ^ 2.27, (4) 

~r COS ^ UJ 

and a tan /3-dependent upper bound on |^|, 

< /"^ax = cos^ 6'^(cos2 2l3^ax " cos^ 2/3) < (96 GeV)^ (5) 

Since radiative electroweak breaking requires tan/3 > 1 0, we obtain a definite allowed 
interval in tan/3 to be explored. Note that for tan/3 = 1, \iirnax\ = 96GeV whereas for 
tan/3 = 2.27, |/U^ax| = 0. 

The relatively low allowed values for tan /3 hint to the possibility of a light Higgs boson 
in this scenario. In fact, for tan/3 = 2.27, mj^^^ < |cos2/3|M^ ^ 61.5 GeV. Since it is 
known that an improved experimental lower bound on rrih {rrih ^ 60 GeV) applies to this 
class of models it is important to determine the largest allowed values of rrih in the 
light gluino scenario. To this end we need to investigate: (i) whether tan/3 = t8in(3max is 
actually allowed by any other constraints on the model, and (ii) what is the magnitude of 
the one-loop corrections to mj^^^. 

The radiative electroweak symmetry breaking constraint is enforced by requiring the 
scalar potential to have a proper minimum at the electroweak scale. This entails two 
constraint equations which one uses to determine the values of | | and the universal bilinear 
soft-supersymmetry breaking mass B. Using the tree- level Higgs potential, the equation 
isi 

Ij'' = Xoml + X^i^mli^ - \Ml, (6) 

where mo is the universal soft-supersymmetry breaking scalar mass, and Xo,Xi/2 ell's 
functions of rat and tan /3. In particular. 



Since mi/2 ~ 1 GeV, and \fx\ < \fXrnax\ < 96GeV, Eq. (|^) shows that mo must be bounded 
above by mo ^ y^3/2XoMz- This upper bound can be very weak if tan/3 and rrit are 
chosen such that Xq nearly vanishes. This leads to a fine-tuning situation discussed 
below. Otherwise, an upper bound on mo and thus on the squark masses results, which 
restricts the magnitude of the one-loop corrections to mj['^^ since these are proportional to 
ln(m?/m^). We note that our calculations below use the one-loop effective scalar potential, 
where simple relations as in Eqs. and are not obtainable. Nonetheless, the argument 
still holds but with somewhat shifted values of the parameters. 

A more "efficient" way to maximize the value of rrih is by considering the largest 
possible tan/3 values. However, as shown in Eq. (^, these imply very low values of In 
turn, the second-to-lightest neutralino will have a significant higgsino component and will 
contribute to r{Z — > X2X2) more than the LEP data allow. (The lightest neutralino has 
a very suppressed coupling to the Z since it is nearly a pure photino eigenstate.) Thus, 
tan /3 is not allowed to reach its otherwise maximum possible values. 

All the above remarks have been verified explicitly by a direct search of the parameter 
space with mi/2 = 1 GeV; tan (3 = 1.25,1.50,1.75,2.00,2.25; mt = 130, 160 GeV; mo = 
40 200 GeV; A = 0, ±mo. Lower values of mo would cause the sneutrino mass to fall 
below the LEP lower bound (m^; ^ 42 GeV) and higher values push \fi\ above \fj.rnax\- This 
explicit search yielded a set of allowed points in parameter space with rrih = 16—46 GeV and 
tan/3 < 1.75. Shortly we will show that all these Higgs masses are already experimentally 
excluded. 

As mentioned above, if in Eq. (^), Xq ^ 0, the upper bound on mo can be relaxed. 
As well, potentially allowed values of tan/3 between 1.75 and 2.00 would have been missed 
by our explicit search above. A more detailed search of the parameter space geared at 
exploring the small-Xo region and the highest values of tan/3, shows that tan/3 values as 
high as 1.89 are actually allowed. However, only if Xq ^ can one obtain Higgs masses 
which are substantially higher than the corresponding tree-level maximum 51 GeV for 
tan/3 = 1.89). Using the tree-level expression in Eq. (|^) for tan/3 = 1.88(1.89) one 
obtains Xq = for mt = 117.2 (117.6) GeV. In actuality, using the one-loop effective 
potential, the critical value of rrit is mt = 114.0 (114.3) GeV. In this case we obtain 
jj^rnax ^ g2 GeV, with m + ^ 45 — 46 GeV and mo ~ 500 GeV also required. Values of 
mh > 58 (60) GeV are obtained for tan/3 > 1.80 (1.87) with the appropriately fine-tuned 
value of m^ = 111 (114) GeV. It is then crucial to determine whether these points in 
parameter space are excluded by the LEP Higgs searches or not. 
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In Ref. [jl^ we described a procedure to obtain the appropriate experimental lower 
bound on mh for a given point in parameter space in this class of models, given the fact 
that the current standard model Higgs mass bound is ttih > 61.6 GeV. The condition to 
be satisfied by allowed points in parameter space is 

/ ■ a(m,i)s^sy < o-(61.6)sM, (8) 

where / = BR{h — > 2}ets) susy fBRiH — > 2jets)5M, cfsusy = a{e+e~ Z*h), and asM = 
a{e~^e~ —>■ Z*H). The computation of the /-factor includes all possible kinematically al- 
lowed h decay modes. Of particular concern are the following ones: h XiXi^ X1X25 X2X2- 
However, since Xi ~ 7? the h-'j-^ and h-^-x^ couplings nearly vanish Moreover, we 



find m^o > 36 GeV making these decay channels inconsequential for nih ^ 62 GeV, and 
therefore / ~ 1 [|TD[. The cross sections in Eq. (|^) differ simply by a coupling factor 
sin^(a — P) and the Higgs mass used which enters through a function P. With these 
substitutions we get / ■ sin^(a - /3) < P{61.6/Mz)/P{mh/Mz) with p| 

P(y) = '"'"^;!"^t'°' (^^^) -3(y*-6!/^H-4) lny-i(l-/)(2,^-13,+47). 

" (9) 
This analysis shows that only those points above with ^ 61 GeV would still be 

experimentally allowed, i.e., with the fine-tuned values tan/3 = 1.88 — 1.89, rrit = 

114.0 - 114.3 GeV, m ± ^ 45 - 46 GeV, and mo = 480 - 540 GeV. We note that a 

Xi 

mild improvement in sensitivity in LEP Higgs searches and Tevatron top-quark searches 
are likely to exclude this remaning region of parameter space. One should bear in mind 
that the fine-tuning required to get these allowed points would need to be performed at 
each order in perturbation theory. 

We expect the above situation to persist for a range of light gluino masses {rrig ~ 
mx^ <^ Mw), as long as the gaugino masses are related to each other by 0{1) coefficients 
as assumed here. We also note that the class of supersymmetry breaking scenarios that is 
actually being studied here {mi/2/mQ ~ 1/100) is also obtained in recent string-inspired 



model calculations except that such low values of mi/2 have not been considered so 
far. 

It is interesting to note that other phenomenological constraints may also lead to 
stringent constraints on this scenario. In fact, if the lightest neutralino (the photino) 
is stable, as it would be in the usual i2-parity conserving models, then its cosmological 
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relic abundance would be quite large due to the inefficiency of the possible annihilation 
channels. Following the methods of Ref. we obtain O^^/iq ^ 33 in general, and 

^x^o ^ "^/i ^ 61 GeV. Therefore, the remaining fine-tuned region of parameter 

space is in gross conflict with cosmo logical observations (which require ^x^o ^ l) 
could only be made cosmologically acceptable in a model with suitable i?-parity breaking 
(see e.g., Ref. [|T3[)- We also note that future improvements in the determination of the 
VF-width at the Tevatron may be sensitive enough to the xfl contribution, further 

constraining this scenario. 

We conclude that the theoretical requirement of radiative electroweak symmetry 
breaking in the light gluino scenario entails a rather light Higgs boson mass range 
{mh ^ 62 GeV) which is almost completely in conflict with LEP search limits,0 which 
in this model imply ruh ^ 61 GeV. Moreover, the very small experimentally allowed 
region in parameter space is cosmologically troublesome and severely fine-tuned with 
tan/3 = 1.88 — 1.89 and rrit = 114.0 — 114.3 GeV. It should not be long before further 
searches at LEP (mh) and the Tevatron (m^) close the light gluino window completely in 
the well motivated class of supergravity models we consider. 
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^ c.f. Ref. 1 15] where this constraint was not appHed and the Ught gluino scenario in super- 
gravity models was deemed viable. 
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